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We used the global warming projections under the SRES A1B emission scenario from 2000 to 113 2099 and control simulations under preindustrial conditions (PICTL) in the 24 CMIP3 models 114 (Meehl et. al. 2007 ). For simplicity, we named Model A to X as listed in Table 1 comparison. We calculated monthly anomalies by subtracting the monthly climatologies over the 124 21st century in the A1B scenario. These monthly anomalies were averaged over boreal winter (DJF; 125 December, January and February) and then smoothed with the 5-year running mean.
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We calculated linear trends at each grid point using the least squares linear regression for all 127 variables from 100-yr (50-yr) DJF mean anomaly records during 2000-2099 (2000-2049) . Mean 128 and variance of the SLP trends in the 24 CMIP3 models are the multi-model ensemble mean and 129 inter-model spread, respectively.
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As for analysis of the uncertainty, we employed the following procedure. For a model with 131 several ensemble members, we assume that the multi-member mean of the model removes the 132 uncertainty due to internal climate variability. Thus the spread of multi-member ensemble means 133 among individual models is considered to be induced only by model uncertainty. This statistical 134 treatment of uncertainties in the climate trend was used in previous studies (e.g. Deser et al. 2010, 135 Yukimoto and Kodera 2005). In the CMIP3 model projections under the A1B scenario, only 10 136 models have three or more ensemble members (Models B, J, K, L, Q, R, S, T, U and V, Table 1 ).
137
The mean and variance of the trends in the multi-member ensembles of these 10 models refer to the 138 Table 1 multi-member ensemble mean and inter-member spread, respectively.
139
The multi-model ensemble mean and inter-model spread of the SLP trends are calculated in 140 each of the following groups (A, B and C, Table 2 ). For group A, we chose one simulation each 141 from the 24 CMIP3 models. Groups B and C are used to estimate internal variability. Group B
142
consists of three subsets, each made of 10 runs, one from each of the selected 10 CMIP3 models 143 that contain three or more members. The mean of variance from three subsets of group B represents 144 the uncertainty due to the internal variability and model uncertainty. For group C, we chose the 
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As an alternative, we estimate the internal climate variability using the PICTL simulations.
153
Group A of the PICTL simulations consists of 24 100-yr records, one each from the 24 models. For 154 the 24 models, we calculated the 100-yr (50-yr) SLP trends from 100-yr (first 50-yr) records. Group 155 B is made 300-yr runs from a subset of 10 models. We calculated 100-yr (50-yr) SLP trends from 
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The inter-model spread over the North Pacific is largest with a maximum at 3.5hPa/100yr over the (Fig. 3a , same as gray shades in Fig. 1a) is very similar to that in the 208 group B (Fig. 3b) , and that in each of the three subsets of the A1B group B (not shown). These 209 results indicate that the inter-model spread is not affected when the number of the models is reduced 210 to 10 from 24. We note that the inter-model spread of the group B, like that of the group A, contains 211 the uncertainty owing to the model uncertainty and internal climate variability. Since the 212 contribution of internal variability can be small in the multi-member mean for each of the models, 213 the inter-model spreads in the group C (Fig. 3c) are reduced compared to the groups A and B (Figs. 214 3a and 3b). Significant decrease (~30%) is found over the northeastern portion of the North Pacific. Pacific, the model uncertainty measured by the inter-model spread of the group C (row II in Table   218 3) accounts for 72% (2.3 (hPa/100yr) 2 ) of the total uncertainty measured by the inter-model spread 219 of the group B (row I in Table 3 ), while the internal variability defined as a residual by removing 220 the model uncertainty from the total uncertainty (row III in Table 3) (not shown). On the basin-scale, the inter-model spread of the 50-yr trends in the group C (Fig. 3f) 
234
is much reduced than in the group B (Fig. 3e) . In the area-average over the North Pacific sector, the 235 model uncertainty (the inter-model spread of the group C; row II in Table 3 ) and the internal 236 variability (the residual; row III in Table 3) Table 3 variability in the group C of the A1B projection. Here we employ the PICTL simulations to estimate 244 the background internal variability of the CMIP3 models. Without GHG increase, the inter-model 245 spreads of the PICTL group B measure the uncertainty from the internal climate variability. As for 246 the 100-yr SLP trends in the PICTL group B, the area-average of the inter-model spread over the 247 North Pacific sector is about 1.5 times larger in the PICTL simulation (1.4 (hPa/100yr) 2 , row IV in 248   Table 3 ) than in the A1B simulation (0.9 (hPa/100yr) 2 , row III in Table 3 ). The spread for the 50-yr 249 trends in the group B of the PICTL simulation is even larger (7.0 (hPa/100yr) 2 , row IV in Table 3 ).
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The residuals in the A1B projection (row III in Table 3 ) underestimate the internal variability. Using Table 3 ). The inter-model spreads of the 24 254 models (group A) are comparable to those of the 10 models (group B). This improved statistics
255
show that both the model uncertainty and internal climate variability contribute to the total 256 uncertainty in the 100-yr SLP trends during the 21st century, and that the latter contribution is much 257 greater in the 50-yr trend during the first half of the 21st century. Based on our analyses of the A1B 258 and PICTL simulations, we note that a large number of the models, each with multi-member 259 integrations, is necessary for a robust near-future projection. 
Relationship in regional patterns between SLP and SST

262
As documented in Section 3, the polarity of the SLP trend over the North Pacific is different 263 among the group A models (Fig. 1b) . To examine processes by which the regional differences in 264 SLP trend induce those in SST trend in the North Pacific, we calculated composites of the trends in 265 four models with strong negative NPI trend (Models C, E, V and X, listed in Table 2 and marked   266 with circles in Fig. 2b ) and in four models with strong positive NPI trend (Models J, K, Q and R, 267 listed in Table 2 and marked with circles in Fig. 2b ). As expected from the significant correlation between the EOF1 scores and the NPI trends (Fig. 2b) , the former (latter) models show the negative 269 (positive) SLP trends over the North Pacific (Figs. 3a and 3g) 
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From the four models with the strong negative NPI trend, the SLP composite features a negative 271 center of the minimum of -8hPa/100yr over the Bering Sea (Fig. 4a) . This corresponds to a 272 deepening trend of the AL (Fig. 4c) . In association with this deepened AL, UAS are enhanced by 273 1.5m/s/100yr (Fig. 4d) . This enhanced westerly jet acts to increase the SHF by 10-25W/m 2 /100yr in 274 the extratropical North Pacific (30-45°N, Fig. 4e) . As a result, the SST trends in the western and (Figs. 4a and b) . While an increase of meridional gradient of the SSH between 277 30-45°N suggests an intensification of the subtropical gyre in the North Pacific (Fig. 4f) , its effect 278 on the SST trend seems weak. Overall, patterns of SST change are consistent with changes in 279 prevailing wind, with locally enhanced warming over reduced wind speed.
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In the four models with strong positive NPI trend, the SLP composite shows a positive center 281 with a maximum of 5hPa/100yr over the central North Pacific (40°N, 175°W, Fig. 4g ). The center 282 of the AL moves northward by 5° latitude (Fig. 4i) . This shift of the AL induces enhanced (reduced) (Figs. 4g and 4j) . The shift of the westerly jet is accompanied by an eastward anomalous 285 jet in ocean current centered at 40°N (Fig. 4l) anchoring a locally enhanced warming at the same 286 latitude in the western basin (Fig. 4h) . The enhanced SST warming along 40°N takes place even 287 though the SHF trend features a positive (i.e., enhanced heat release from the ocean) peak at 40°N 288 (Figs. 4h and 4k ). This indicates that the enhanced SHF is a result of the SST warming in response 289 to the changes in the subtropical gyre rather than a cause of the SST trend. On the horizontal map, 290 the enhanced SST warming shows a westward intensification with little change in local westerly 291 winds (Fig. 4g) . This is consistent with an intensified and northward expanded subtropical gyre. shows a deepening and northward shift of the AL (Fig. 1a) , consistent with previous studies (Hori 
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We have evaluated the relative contributions of the model uncertainty and internal climate 306 variability to the total uncertainty in the SLP trends using two groups from the selected 10 models 307 that have three or more ensemble members. Group B of the A1B projection, made of three subsets 308 of 10 single runs from different models, is used to estimate the internal variability, while group C is 309 a multi-member ensemble mean from each of these models, where we assume that the internal 310 variability is removed. If we assume that the internal variability is sufficiently removed in the group 311 C, the inter-model spreads in the group C of the A1B projections indicate that the model uncertainty 
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Because of the limited number of ensemble members in the A1B group C, we additionally Multi-model ensemble based on three subsets with ten of single members from the selected 10 CMIP3 models having more than three ensemble members (marked in the second column in Table 1 ); Average over the three subsets is used as group B. C Multi-model ensemble based on 10 of multi-member ensemble mean averaged over three members from the selected 10 CMIP3 models (marked in the second column in Table 1) D Multi-member ensemble based on 40 ensemble members of the model U (NCAR CCSM3) CMIP3 models (Table 1) . Uppercase letters indicate the 10 models (Models B, J, K, L, Q, R, S, T,
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U and V) used for the groups B and C. Four models with strong negative (Models C, E, V and X) 100 and four models (Models J, K, Q and R) with strong positive NPI trends are marked with circles.
101
Correlation coefficient for this scatter plot is 0.97 above 99% significant level. for the four models with strong positive NPI trends. Area-average of SST trend over the sector is
